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AHHOTAIUA

B pabGoTre paccMaTpHBarOTCS OCHOBHBIC AaCIMEKTHl CHCTEMHO-OOBEKTHOTO HMHUTAIIMOHHOTO
MOJICJIMPOBAHMSI CUCTEM MAacCOBOTO OOCIYXHBAaHHUSI C MPUMEHEHHEM IMPOTPaMMHOIO CPelcTBa
UFOModeler. IlpuBomutcs KiaccHyeckoe ITOHMMAaHHE CHUCTEMBI MacCOBOTO OOCITy:KHBaHUS,
paccMaTpuBarOTCS BapuaHThl (opMalbHOrO TOCTpoeHHs Mojeneii. OCHOBHas 4acTh CTaTbH
MOCBAIICHA PeaNTn3aliyl MPUMEpa MPOCTON CUCTEMbl MACCOBOTO OOCITYKMBaHHS, COCTOSANICH U3
JIBYX OJIOKOB: ouepelnb U y3en o0pabotku. [Ipumep Mojaenu paccMaTpuBaeTCs B TEPMHHAX
noaxofa «Y3en-OyHkuusa-O0beKT.

KiaoueBble cjoBa: cucreMa MacCcOBOrO OOCITYXHBaHUS; (YHKIMOHUPYIOIIAS CHCTEMA;
COCTOSIHUE CHUCTEMBI; WMHTAIIMOHHAS MOJICNb, JIWHAMHKA CHCTEMBI;, TrpadOoaHATUTHUECKOES
moaenuporanue; «UFOModelery.
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Abstract

The article covers the main aspects of the system and object simulation modeling of queuing
systems using UFOModeler software. The classical understanding of the queuing system is given;
the options of the formal creation of models are considered. The main part of the article is
devoted to the implementation of an example of the simple queuing system consisting of two
units: a queue and a node of processing. An example of model is reviewed in terms of the "Node-
Function-Object" approach.

Keywords: system of mass service; the functioning system; a condition of system; imitating

model; dynamics of system; graphic-analytical modeling; "UFOModeler".

C cucremamu MaccoBoro obciyxkuBanus (CMO)
MBI BCTpeuaemcsi MoBcenHeBHO. JlloOoMy U3 Hac
NPUXOAWIOCH KOTAA-TO >KAATh OOCIHYXHBAaHUS B
ouepenu (HarpuMep, B Mara3nHe, Ha aBTo3arpaBKe, B
oubnuoreke, kade U T. 1.). AHaJOTHYHbBIE CUTYalun
BO3HHMKAIOT MpH MOTPEOHOCTH BOCIOJIB30BATHCS
TeIe(QOHHOW  CBSI3bI0 WM BBINOJHUTH  CBOIO
nporpaMMy Ha KommeloTepe. bomee Ttoro, moboe
IPOU3BOJCTBO MOJKHO MIPEICTaBUTh KaK
HOCJIEIOBATENIBHOCTh  CUCTEM  oOcimyxuBaHus. K
THUIUYHBIM CHCTEMaM OOCITy>KHBAHHUSI OTHOCAT TaKKe
PEMOHTHBIE U MEAULIMHCKHE CITY>KOBI, TPAHCIIOPTHBIE

CHCTEMBI, adpOTOpPThI, BOK3albl U Jpyrue. Ocoboe
3Ha4YeHUe MPUOOPETH TaKhe CHCTEMBI NIPH U3yUCHUH
mporeccoB B HMH(OpMaTHKe. JTO, MpPEXKIE BCETO,
KOMIIBIOTEPHBIC CHCTEMBI, cetn nepeiadn
nHpopmaruu, OC, 6a3bl u 6aHKH AaHHBIX. CUCTEMBI
OOCITy’)KMBaHMSI HIPAIOT 3HAYUTENBHYIO POJIb B
MOBCEJHEBHOW  JkM3HU. ONBIT  MOJETUPOBAHUS
pa3HBIX THIIOB JUCKPETHBIX COOBITHHHBIX CHCTEM
CBHUJIETENILCTBYET O TOM, 4TO IpubnusurenabHo 80%
3TUX Mojenelt ocaoBansl Ha CMO [1].
Taxue cucTeMbl MOXKHO ONUCATh, €CIIH 33JaTh:
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—BXOIAMIMK ITOTOK TpeOOBaHWH WM 3asABOK,
KOTOpbIE IOCTYNAIOT Ha 00CITyKUBaHUE;

—IMCLUIUIMHY [OCTAaHOBKU B O4Y€pelb M BBHIOOD
U3 Hee;

—IpaBWJIO, MO KOTOPOMY OCYIIECTBISETCA
00CITy>)KUBaHHE;

—BBIXOSIINHI MMOTOK TpeOOBaHM;

—PEXUMBI pabOTHI.

Jns Takux cUCTeM NPUMEHMMO JUCKPETHO-
COOBITHIIHOE MOJENHPOBAaHUE — MOJCIUPOBAHUE
CUCTEMBI B JMCKPETHBIE MOMEHTHI BPEMEHHM, KOTAA
MIPOUCXOAST COOBITHS, OTpa)karolue
[0CJIEJ0BATENBLHOCTD HN3MEHEHUS COCTOSIHUM
CUCTEMBl BO BpeMeHU. B panbHeillieM Takoe

BxoaAawmn
NoOTOK

Ouepeab

YCTpOHMCTBO

MOJICIUpOBaHue OyJneM Ha3blBaTh WUMHTAIIMOHHBIM.
PaccmarpuBaemble  37ieCh  CHCTEMBI  SIBISIFOTCS
JUHAMUYECKUMH, TO €CThb W3MEHSIOMIUMUCS BO
BpemeHH. [lod3TOMy COCTOSIHME CHUCTEMBI, CBOMCTBa
00BEKTa M YHCIIO aKTHBHBIX 0OBEKTOB, IMTAPaMETPOB,
JNEHCTBUI W 3allepKeK — Bce OHU (yHKIMH IO
BpEMEHH M TMOCTOSHHO M3MEHSIOTCS B Tpolecce
MOJICIUPOBAHHS.

CyIlecTBYIOT CHCTEMBI C OJHHM YCTPOWCTBOM
00CITy’)KUBaHHUS, & TaK K€ MHOTOKaHaJIbHBIE CHCTEMBI
MaccOBOTO 00CITy)KUBaHUSI. PaccmoTtpum
OJTHOKaHAITLHYIO (c OJTHUM YCTPOHCTBOM
obciykuBannsi) CMO, moka3aHHYIO Ha CIEAYIOIIEM
pUCYyHKe.

Beixoaawmil noTok

q

R R ——

=

Puc. 1. Ctpyxrypa ogaokananpaOi CMO.
Fig. 1. The structure of single-channel system of mass service

Hdns o6o3znavennst CMO wuCTONB3YIOTCA TpH
napametpa: X/Y/Z, rae X — pacupeneneHue BpeMeH!
MOCTYIUIEHUs; Y — paclpeneieHne BpEeMEeHH
oOciykuBaHus; Z — UYHCIO OOCITYXHBAIOLINX
ycrpoiictB. B Teopum CMO  HekoTopble
aHATITUYECKHWE pElIeHUs OBbUTM TONYyYeHBl IS
cuctem Buga D/D/1, M/M/1 u M/G/1 [2]. ns apyrux
3HaYeHUII T[apamMeTpoB CHUCTEM OOCIy>KHUBaHHUS
aHATMTUYECKHUE pellleHHs He ObUIM TOJy4YeHBI, TO
eCThb 3Ta MpoOJieMa MOTHBHPYET WCIIOJIb30BAHNE
MOJEJIUPOBAHUS.

Camas u3BecTHast MOZIENb — 3TO TaK Ha3bIBaeMast
CMO tuna M/M/1, rne M — MapKoBCKHE TPOIIECCHI
pacripeneneHus BpEeMEHH HOCTYIUICHUS u
oOcTy>kuBaHMs C OJHUM ycTporicTBoM. Hampumep, B
CUCTEME M/M/1 BpeMsI MEXIy JIBYMSI
MOCTYIUICHUSIMH B CHCTEMY TpeOOBaHUN W BpeMs
00CITy>)KUBaHHSA HMEIOT 9KCHOHEHIIUAIbHBIE
pacmpeneneuus. Takas CMO wmHOTHA HCIOIB3YETCS
KaK MOJIENb JJIS1 OAHOTO IMPOoIieccopa KOMIBIOTEPHOM
CHCTEMBl WJIM KaK CTaHAApPTHOE yCTPOICTBO BBOAA-
BBIBO/IA (HAIIpUMep, MarHUTHBIHN JHCK).

Cucrema D/D/1 -  gerepMUHHpOBaHHAS
cucrema, torga kak D/M/1 — cmemannas. Eciou o
CHCTEME Majl0 HM3BECTHO, 3TO O0O3HA4aeTcs Kak
G/G/m, TO ecTpb cucTeMa C TPOU3BOIBHBIMH
pacupeneneHus MU U M yCTPONHCTBAMH.

Mmuorokanameaas  CMO (¢ HECKOJBKHMH
OJMHAKOBBLIMHU yCTpOWCTBAMU 00CITyKUBaHUS)
uzo0pakeHa Ha puc.2. B ormimuume ot
onHokaHAIBPHEIX CMO MHOrOKaHaJdbHBIE CHCTEMEI
paccauTaTh CJIOJKHEE. Teopus MaccoBOI'0
00CTyKMBaHMsI [TO3BOJIAET MOJy4YaTh aHATUTUYCCKUEC
3aBUCUMOCTH JIJISI PACUETOB XapPaKTEPUCTUK PabOTHI
MHOrokaHasibHbIX CMO B CTallMOHAPDHOM PEXHUME
paboThI, OTHAKO, 3TU 3aBUCUMOCTH MOXHO IOJIYYNUTh
TOJIBKO JUIs1 cucTeMbl M/M/m.

PaccMoTpuM  BO3MOXKHOCTH — MPOTPaMMHOTO
komiuiekca «UFOModeler» [3] ¢ Touku 3peHHS
pa3pabOTKH  HMMUTAIIMOHHBIX  MOJIEIEH  CHCTEM
MaccoBOTO OOCITy>KMBaHUS. B €ro OCHOBE JIEXKUT
METOJ CHUCTEMHOTO aHanu3a Y3enl — DyHKuua —
O6wexT (Unit — Function — Object) UFO-nonxon [4].
Meton UFO-ananuza — 3T0 HOAXOJ K CHCTEME Kak
(hyHKIIMOHATBHOMY  OOBEKTY, COCTOSIIIMHA B
MPEACTAaBICHHH €¢ B  BHIE TPEXDIEMEHTHOU
KOHCTPYKITUH: «Y3en—DyHKIuI-O0BeKT»
(UFO-nonxonm). Ha ocHOBe JaHHOTO IOAX0j]a
pazpaboran  (HoOpMaTbHO-CEMAaHTUYECKH  METO/I
UFO-ananu3a, TMO3BONAIOMIMNA  KOHCTPYHPOBATh
CHCTEMHO-O0BEKTHEIE MOJEIM KaKk KOMOWHAIINN
UFO-311eMeHTOB.
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Bxoasawmi NoTokK

NP

BbxoaAaw MK noTok

MPmM

Puc. 2. Ctpykrypa mHOTOKaHaNMBEHOM CMO
Fig. 2. The structure of multichannel system of mass service

IIpencraBienns 00 y31moBBIX, (PyHKIIMOHATHHBIX
1 OOBEKTHBIX XapaKTEPUCTHKAX CHCTEMBI TIO3BOJISIOT
OIMCBHIBATh cucteMbl ux kak UFO-3yeMeHThI, T.€.
OJTHOBPEMEHHO KakK «Y3ibl — OyHkimu — OOBEKTH)
W XpaHUTh OTy HHPOPMANNIO B CIENHATHHBIX
oubnnorexkax UFO-smeMeHTOB. ITO  IO3BOJISET

3HAYUTEIHHO 00JIerYnTh padory o
MOJICJTUPOBAHHUIO, QHAIN3Y U ONTHMHU3AIMH OH3HEC-
IPOIIECCOB.

[MoctporM ¢  TOMOMIIBIO  MPOTPAMMHOIO
obecrieuenuss UFOModeler Momenp  mpoctoid
CHCTEMBl MAacCOBOTO OOCIYKMBaHHMS — MOJEIb
paboThl 0aHKOBCKOIO TepMHHAa. B 0OaHKOBCKOM
OTJCNICHMA HaxXxomuTcs TepMmuHal. Onepanuud ¢
HAJIMYHOCTBIO  KJIMEHTHl OaHKa MPOU3BOIAT C
NOMOIbI0  OaHKOBCKOTO  TepMHHAaIA.  Bpems
oOCITy’>)KMBaHHS KJIMEHTa 33/IaH0 C  ITOMOIIBIO
MCEBJIOCIYYalHbIX yucen B uHTEepBaje oT 1 go 10

munyT. [Ipu 3ToM B oTmeneHun OaHka kaxmaeie 10
MHUHYT @puxogat oTr | go 10 dyenoBek
(mceBnocmydalfHOE YUCTIO) U XKIYT CBOCH OUepeu.

Jna Hayanma co3maguM MOJENb W Ha30BEM ee
«Otnenenne OaHKa», 3aTeM CO3JaauM JBa y3Ia
«Ouepenp» n «Tpanzakuus kiaueHTtay. Ciaemayromum
3TarioM HEOOXOAMMO CO3/1aTh CBsi3U. CBSI3U — 3TO
BCEBO3MOJXKHEIE TTOTOKH MAaTepHH WA MH(POpMAINHY,
OUPKYTUPYIOIIHE B MOJCIUPYEMOW CHCTeME |
MEXIY CHUCTEMOM M  OKpyXKarolled  cpenoil.
Ocobennocteio UFO-mmogxona sBISIETCS TO, YTO B
HEM cymiecTByeT OazoBasi mepapxus cBsseil. CBssw,
KOTOpBIC HCIOJB3YIOTCS B MOJIEIH, NOOABISIOTCS B
9Ty HEpapXuio, pacmmpssi e€, T.e. Kakaas HoBas
CBsI3b SBIISIETCS TIOABHJOM CyllecTByromeld. Ha
PUCYHKE HW)XE TIPEJCTABICH Pe3yJbTaT J00aBJICHUS
CBsI3€i Ha IMarpaMmy.

T UFO-Modeler: OTgenenne banka - A X
d-' Meria 2l 7 OcHoeHoe K WHeTpyreHTEI

H + +

Hzen CerAst BxonAwan ceAse

Tunkel cEAzEH - OTaeneHqe GaHka
Hamu...

Bl Whe
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Heoxronawan cense 3anycTHTE MOgEs Akcnopr
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[#-—w blar Ouepene T KNMEHTE

KMHEHTH
KIMEHTH

CTpykTypa 0fEEKTOR AMarparme!
Hafmu... Q

Macwrab

| Q 11

Puc. 3. IlpencraBieHnue cBs3eHd y3JI0B Ha CXEMeE
Fig. 3. Connection of nodes on the chart

C TOYKH 3pC€HUA BTCKAKOIMUX W BBITCKAOMIUX
MOTOKOB/CBSI3EH, KaKJas CUCTEMa XapaKTephu3yeTcs
(OYHKIMOHATIBHBIMH ~ CIOCOOHOCTSIMHU,  oOecIeuu-
BAIONIMMHU  NPeoOpa3oBaHe  «BTEKAIOMIMX»  II0

CBSI3IM PECYPCOB B «BBITEKAIONIME» PECYpPChl. DTH
(yHKIMOHANBHBIE  CIIOCOOHOCTH  00ECIIEUHBAIOT
OayaHC «IIPUTOKA» M «OTTOKa» 1O (PyHKIMOHAITIBLHBIM
CBSI3SIM y3J1a, 3aHMUMAaeMOTo JaHHOU cuctemoit. Ilpu
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9TOM OallaHC OJHOTO W TOTO K€ y3Jia MOXKET OBITH
obecrieueH, B TPHUHIUIE, pa3HBIMH HabopaMu
(OYHKIMOHANBHBIX CIIOCOOHOCTEH, T.e. pPa3HBIMHU
(DYHKIIMOHATBHBIMU ~ 3aBUCUMOCTSAMH  BBIXOJa OT
BXOJ1a. dopmansHas (hyHKIIMOHATPHAS
XapaKTePUCTUKA CUCTEMBI SBIISICTCS] BTOPOCTEIICHHOM
U XapaKTepu3yeT TEOPETUYECKYI0 CIIOCOOHOCTH
(IOTEeHIMATEHYTO BO3MOYKHOCTD) CHCTEMBI
cOamaHCHpPOBATh OTPEACTICHHBIIN y3eI.
3a 00paboTKy BXOASIIUX U UCXOISIIUX MIOTOKOB

JAHHBIX y37a OTBe4aeT (YHKIHSA, OIHCAaHHAS C
moMoIplo  s3pika  YDOO-ckpunT ¢ BHEAPCHHEM
CICIMALHBIX METOJMOB JUII O0pa0OTKH TOTOKOB
BBOJA/BBIBOIa JIaHHBIX. TakuMm o00pa3oM, KOJ
dbyaxmun s y3na «Odepensy» OyIeT BBITISICTD
CIIeTFOIIAM 00Pa3oM:

var x,i: integer;
begin
x:=0;
i:=0;
while 1>0 do

begin

ir=i+1;

x := x + round(Random * 10);
SetLinkOut('kruenmoi.cpKonso',x /i),

SetLinkOut( 'kauenmul.odcuoarouue ', x);
SetObjProp('#buzy', round(x /i));

if x/i>= 100 then

SetObjProp('#active’, true)
else
SetObjProp('#active', false);
delay(10);
end;

T Mogens OTrgenexnne banka

SanycTuTe MNayza MNpoaomuTe OcTaHoEMTE

EI; Oraensrue GaHka

B8 Ouepens
B rpanzakuma kawert

Iuarpara | Mporparma | CocTosmue

{ I

Haurenosanue | SHavenue

Hbuzy a3
Hactive True

OJIDANIE i

Ouepene

KIHEHTE

end.
Kon ¢pynxumm s y3na « TpaHzakius KIueHTay:

var ojidanie,obsluj:integer;
percentCount,v:real;
begin
while GetLinkInl('xauenmot.oocudarowue') > 0 do
begin

if GetLinkInl('kauenmsi.oxcudarowue’) <> ojidanie
then

begin

percentCount := 100.;

ojidanie := GetLinkInl("kiuenmuol.osxcudarowue’);

v := (1 / ojidanie) * 100;

end;

SetObjProp('#buzy’, round(percentCount));
SetObjProp('#active', true);

ojidanie := ojidanie - I;

obsluj := GetLinkInl("knuenmol.obcnyscennvie’) + 1;
SetLink("xnuenmol. oorcuoarowgue’, ojidanie);
SetLink("xnuenmot.oocnyocennvie’,0bsluj),
SetLinkQut("knuenmol.obcnyscennovlie’,obsluj);
percentCount := percentCount - v;
SetObjProp('#buzy’, round(percentCount));

if ojidanie = O then

SetObjProp('#active', false)

else

SetObjProp('#active’, true);

delay(1);

end;

Jlasiee HEOOXOIUMO 3allyCTUTh BBINIOJHEHHE

MOJICJIH, TIOCJIe YEero IMOJIhb30BaTeb YBHJIUT MPOIECC
paboThI MOJIENH, TPE/ICTABICHHBINA HA PUCYHKE HHXKE.

O fo3Ha4EHMA

I Huseaa sarpysea

I Cpeanan sarpyska
CoxpatuTe I Ericokan sarpyska

Nor | Koncone | Mpaguk. | Naparetpel

KMWEHTE

KMWEHTS

oxMOawHesT
cplonec=2,00

0BSLUJ 19
PERCENTCOUNT 875
Y 125

M oEcnyxeHHue=19

Puc. 4. Cumynstop dyaknnonunpoBanus CMO
Fig. 4. The simulator of the mass service system functioning

W3 Monenu cieayer, 4To cpelHee KOIHYECTBO
MOTIOJIHEHUST ~ O4YepeAr JIIOABMH  COCTaBiser 2
YeIIOBEKa, KOJIMYECTBO OXKHUIAIOIIUX OOCITYKUBAHUS
KIMCHTOB COCTaBJsIET 7 YENOBEK, KOIUYECTBO
00CITy’)KEeHHBIX KJIMEHTOB COCTABIIET 19 uenoBexk.

[Ipu sToM momnoca cieBa ot 61oka «TpaH3akiys
KJIIMEHTa» OTpa)xaeT 3arpyKeHHOCThb TEpMHHaIa, a
mojioca cneBa OT Onoka «Ouepens» oOO3HaYaET
CpeiHee KOJIMYECTBO MIONOJHEHUS OUePeIH.
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W3 BBIIIE OIMKMCAHHOI'O IPUMEPA MOACTUPOBAHHMS
CMO MOXHO chenaTh BBIBOJ, YTO HCIIOJIHL30BaHHE
(hopmanbpHO-ceMaHTH4eCKOro MeToga Y ®O-ananusa,
MO3BOJIIET KOHCTPYHPOBATh CUCTEMHO-OOBCKTHBIC
Mojie Kak koMOuHauuu Y @O-351eMmeHTOB. MOI€eib,
MOCTPOCHHAsT B MpUMEpPE SBISICTCS HATJSAHONH H
WH(GOPMATUBHOW, YTO IO3BOJIACT TPOBECTH aHAJIH3
MOJIEIT! Ha BU3yalbHOM ypPOBHE.
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Kuxape Anexcanap I'ennaameBHd, JOICHT Kadeaps
MH(GOPMANMOHHBIX CHCTEM, KAHANAAT TEXHUUECKUX HAYK
Eropos HMiabsi AjnekcaHIpOBHY, acmupaHT Kadenpsl
MH()OPMAIMOHHBIX CHCTEM

Man3ynaHu4 Maxkcum IOpbeBny, crapluui
npenoaasaTeib Kadenpbl HHGOPMAMOHHBIX CUCTEM
Maropun Cepreii HropeBuu, npodeccop kadeapsl
WH(OPMAIIMOHHBIX CHUCTEM, JOKTOP TEXHUYECKHX Hayk,
mpocdeccop
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